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SNR for LISA & Cosmic Explorer (CE) 

Kent YagiKent YagiIntroduction

��

���

����

�����

●●

�� ��� ���

��

���

���

�� [�⊙]

�
�
[�

⊙
]

���
���

���

��

���

����

�����

�����

�� ����

●●

�� ��� ���

��

���

���

�� [�⊙]

�
�
[�

⊙
]

[KY (in prep.)]

SNR: LISA (5yr) SNR: CE
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<latexit sha1_base64="fbdIwGYTmFJMsckKQFUlLIVTY+A=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4Ktki6LHoxWMF+wHtWrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GNxfjbW1vf2NzaLu2Ud/f2Dw4rR8dtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJbe53npg2PFYPdpqwQJKR4hGnxOaSjx/rg0oV1/AcaJX4BalCgeag8tUfxjSVTFkqiDE9Hyc2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3TulCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRG10HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+IpuxD85ZdXSbte83HNv7+sNm6KOEpwCmdwAT5cQQPuoAktoDCGZ3iFN096L96797FoXfOKmRP4A+/zBw2+jZM=</latexit><latexit sha1_base64="fbdIwGYTmFJMsckKQFUlLIVTY+A=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4Ktki6LHoxWMF+wHtWrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GNxfjbW1vf2NzaLu2Ud/f2Dw4rR8dtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJbe53npg2PFYPdpqwQJKR4hGnxOaSjx/rg0oV1/AcaJX4BalCgeag8tUfxjSVTFkqiDE9Hyc2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3TulCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRG10HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+IpuxD85ZdXSbte83HNv7+sNm6KOEpwCmdwAT5cQQPuoAktoDCGZ3iFN096L96797FoXfOKmRP4A+/zBw2+jZM=</latexit><latexit sha1_base64="fbdIwGYTmFJMsckKQFUlLIVTY+A=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4Ktki6LHoxWMF+wHtWrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GNxfjbW1vf2NzaLu2Ud/f2Dw4rR8dtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJbe53npg2PFYPdpqwQJKR4hGnxOaSjx/rg0oV1/AcaJX4BalCgeag8tUfxjSVTFkqiDE9Hyc2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3TulCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRG10HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+IpuxD85ZdXSbte83HNv7+sNm6KOEpwCmdwAT5cQQPuoAktoDCGZ3iFN096L96797FoXfOKmRP4A+/zBw2+jZM=</latexit><latexit sha1_base64="fbdIwGYTmFJMsckKQFUlLIVTY+A=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4Ktki6LHoxWMF+wHtWrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GNxfjbW1vf2NzaLu2Ud/f2Dw4rR8dtE6eashaNRay7ITFMcMVallvBuolmRIaCdcLJbe53npg2PFYPdpqwQJKR4hGnxOaSjx/rg0oV1/AcaJX4BalCgeag8tUfxjSVTFkqiDE9Hyc2yIi2nAo2K/dTwxJCJ2TEeo4qIpkJsvmtM3TulCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRG10HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+IpuxD85ZdXSbte83HNv7+sNm6KOEpwCmdwAT5cQQPuoAktoDCGZ3iFN096L96797FoXfOKmRP4A+/zBw2+jZM=</latexit>103

<latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit>

103
<latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit><latexit sha1_base64="6t0EOxUinXjNLAByUFj2DOM+W3U=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KlkV9Fj04rGC/YB2Ldk024Ym2SXJCmXpX/DiQRGv/iFv/huz7R609cHA470ZZuaFieDGYvztrayurW9slrbK2zu7e/uVg8OWiVNNWZPGItadkBgmuGJNy61gnUQzIkPB2uH4NvfbT0wbHqsHO0lYIMlQ8YhTYnPJx48X/UoV1/AMaJn4BalCgUa/8tUbxDSVTFkqiDFdHyc2yIi2nAo2LfdSwxJCx2TIuo4qIpkJstmtU3TqlAGKYu1KWTRTf09kRBozkaHrlMSOzKKXi/953dRG10HGVZJapuh8UZQKZGOUP44GXDNqxcQRQjV3tyI6IppQ6+IpuxD8xZeXSeu85uOaf39Zrd8UcZTgGE7gDHy4gjrcQQOaQGEEz/AKb570Xrx372PeuuIVM0fwB97nDw9CjZQ=</latexit>

104
<latexit sha1_base64="xDoC+UPM10rwVv6pbjdxfHgMYFQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOic0lHz9eDqo1XMdzoFXiF6QGBZqD6ld/GNNUMmWpIMb0fJzYICPacirYrNJPDUsInZAR6zmqiGQmyOa3ztCZU4YoirUrZdFc/T2REWnMVIauUxI7NsteLv7n9VIbXQcZV0lqmaKLRVEqkI1R/jgacs2oFVNHCNXc3YromGhCrYun4kLwl19eJe2Luo/r/v1lrXFTxFGGEziFc/DhChpwB01oAYUxPMMrvHnSe/HevY9Fa8krZo7hD7zPHxDGjZU=</latexit><latexit sha1_base64="xDoC+UPM10rwVv6pbjdxfHgMYFQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOic0lHz9eDqo1XMdzoFXiF6QGBZqD6ld/GNNUMmWpIMb0fJzYICPacirYrNJPDUsInZAR6zmqiGQmyOa3ztCZU4YoirUrZdFc/T2REWnMVIauUxI7NsteLv7n9VIbXQcZV0lqmaKLRVEqkI1R/jgacs2oFVNHCNXc3YromGhCrYun4kLwl19eJe2Luo/r/v1lrXFTxFGGEziFc/DhChpwB01oAYUxPMMrvHnSe/HevY9Fa8krZo7hD7zPHxDGjZU=</latexit><latexit sha1_base64="xDoC+UPM10rwVv6pbjdxfHgMYFQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOic0lHz9eDqo1XMdzoFXiF6QGBZqD6ld/GNNUMmWpIMb0fJzYICPacirYrNJPDUsInZAR6zmqiGQmyOa3ztCZU4YoirUrZdFc/T2REWnMVIauUxI7NsteLv7n9VIbXQcZV0lqmaKLRVEqkI1R/jgacs2oFVNHCNXc3YromGhCrYun4kLwl19eJe2Luo/r/v1lrXFTxFGGEziFc/DhChpwB01oAYUxPMMrvHnSe/HevY9Fa8krZo7hD7zPHxDGjZU=</latexit><latexit sha1_base64="xDoC+UPM10rwVv6pbjdxfHgMYFQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ae0a8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOic0lHz9eDqo1XMdzoFXiF6QGBZqD6ld/GNNUMmWpIMb0fJzYICPacirYrNJPDUsInZAR6zmqiGQmyOa3ztCZU4YoirUrZdFc/T2REWnMVIauUxI7NsteLv7n9VIbXQcZV0lqmaKLRVEqkI1R/jgacs2oFVNHCNXc3YromGhCrYun4kLwl19eJe2Luo/r/v1lrXFTxFGGEziFc/DhChpwB01oAYUxPMMrvHnSe/HevY9Fa8krZo7hD7zPHxDGjZU=</latexit>

D = 430Mpc
<latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit>
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D = 430Mpc
<latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit><latexit sha1_base64="I1uEsuewn++bb5E3jPlT3DT+IIs=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJtKAboagLN0IF+4AmlMl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtostPXAhcM593LvPUHMqNKO820tLC4tr6yW1srrG5tb2/bObktFicSkiSMWyU6AFGFUkKammpFOLAniASPtYHSd++1HIhWNxIMex8TnaCBoSDHSRurZ+zfwEtbOHOidQI8jPZQ8vYtx1rMrTtWZAM4TtyAVUKDRs7+8foQTToTGDCnVdZ1Y+ymSmmJGsrKXKBIjPEID0jVUIE6Un04eyOCRUfowjKQpoeFE/T2RIq7UmAemM79RzXq5+J/XTXR44adUxIkmAk8XhQmDOoJ5GrBPJcGajQ1BWFJzK8RDJBHWJrOyCcGdfXmetE6rrlN172uV+lURRwkcgENwDFxwDurgFjRAE2CQgWfwCt6sJ+vFerc+pq0LVjGzB/7A+vwB3neUrg==</latexit>
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Expanding the LISA Horizon

Kent YagiKent Yagi

[Wong et al. (2018)]

Parameter Estimation

ground-based detection can lower the detection 
SNR threshold for LISA

⇢thr = 4� 5 boost in the detection 
rate by a factor of 4-8

LISA triggers 
at merger time



Number of Events & Parameter Estimation

Kent YagiKent Yagi

log-flat mass distribution
Salpeter mass distribution

/ M�2.35
<latexit sha1_base64="LvDNCmmcfnwmmK9O3QRGHJl0xfU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcGJKq6LLoxo1QwT6gjWUynbRDJ5lhZiKWkF9x40IRt/6IO//GSZuFth64cDjnXu69JxCMKu2639bS8srq2nppo7y5tb2za+9VWoonEpMm5ozLToAUYTQmTU01Ix0hCYoCRtrB+Dr3249EKsrjez0RxI/QMKYhxUgbqW9XekJyoTm8fUhPas7peVbu21XXcaeAi8QrSBUUaPTtr96A4yQiscYMKdX1XKH9FElNMSNZuZcoIhAeoyHpGhqjiCg/nd6ewSOjDGDIpalYw6n6eyJFkVKTKDCdEdIjNe/l4n9eN9HhpZ/SWCSaxHi2KEwYNL/mQcABlQRrNjEEYUnNrRCPkERYm7jyELz5lxdJq+Z4ruPdnVXrV0UcJXAADsEx8MAFqIMb0ABNgMETeAav4M3KrBfr3fqYtS5Zxcw++APr8wcPnpMh</latexit><latexit sha1_base64="LvDNCmmcfnwmmK9O3QRGHJl0xfU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcGJKq6LLoxo1QwT6gjWUynbRDJ5lhZiKWkF9x40IRt/6IO//GSZuFth64cDjnXu69JxCMKu2639bS8srq2nppo7y5tb2za+9VWoonEpMm5ozLToAUYTQmTU01Ix0hCYoCRtrB+Dr3249EKsrjez0RxI/QMKYhxUgbqW9XekJyoTm8fUhPas7peVbu21XXcaeAi8QrSBUUaPTtr96A4yQiscYMKdX1XKH9FElNMSNZuZcoIhAeoyHpGhqjiCg/nd6ewSOjDGDIpalYw6n6eyJFkVKTKDCdEdIjNe/l4n9eN9HhpZ/SWCSaxHi2KEwYNL/mQcABlQRrNjEEYUnNrRCPkERYm7jyELz5lxdJq+Z4ruPdnVXrV0UcJXAADsEx8MAFqIMb0ABNgMETeAav4M3KrBfr3fqYtS5Zxcw++APr8wcPnpMh</latexit><latexit sha1_base64="LvDNCmmcfnwmmK9O3QRGHJl0xfU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcGJKq6LLoxo1QwT6gjWUynbRDJ5lhZiKWkF9x40IRt/6IO//GSZuFth64cDjnXu69JxCMKu2639bS8srq2nppo7y5tb2za+9VWoonEpMm5ozLToAUYTQmTU01Ix0hCYoCRtrB+Dr3249EKsrjez0RxI/QMKYhxUgbqW9XekJyoTm8fUhPas7peVbu21XXcaeAi8QrSBUUaPTtr96A4yQiscYMKdX1XKH9FElNMSNZuZcoIhAeoyHpGhqjiCg/nd6ewSOjDGDIpalYw6n6eyJFkVKTKDCdEdIjNe/l4n9eN9HhpZ/SWCSaxHi2KEwYNL/mQcABlQRrNjEEYUnNrRCPkERYm7jyELz5lxdJq+Z4ruPdnVXrV0UcJXAADsEx8MAFqIMb0ABNgMETeAav4M3KrBfr3fqYtS5Zxcw++APr8wcPnpMh</latexit><latexit sha1_base64="LvDNCmmcfnwmmK9O3QRGHJl0xfU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcGJKq6LLoxo1QwT6gjWUynbRDJ5lhZiKWkF9x40IRt/6IO//GSZuFth64cDjnXu69JxCMKu2639bS8srq2nppo7y5tb2za+9VWoonEpMm5ozLToAUYTQmTU01Ix0hCYoCRtrB+Dr3249EKsrjez0RxI/QMKYhxUgbqW9XekJyoTm8fUhPas7peVbu21XXcaeAi8QrSBUUaPTtr96A4yQiscYMKdX1XKH9FElNMSNZuZcoIhAeoyHpGhqjiCg/nd6ewSOjDGDIpalYw6n6eyJFkVKTKDCdEdIjNe/l4n9eN9HhpZ/SWCSaxHi2KEwYNL/mQcABlQRrNjEEYUnNrRCPkERYm7jyELz5lxdJq+Z4ruPdnVXrV0UcJXAADsEx8MAFqIMb0ABNgMETeAav4M3KrBfr3fqYtS5Zxcw++APr8wcPnpMh</latexit>

LISA Parameter Estimation

[Sesana (2016,2017)]

Parameter Estimation

5M� < M
tot

< 100M�
<latexit sha1_base64="XYBag/Z7xjqCayDhSleC47I9O8I=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5KIogsXRTduhAr2Am0Ik+mkHTrJhJkToYQ+ghtfxY0LRdy6dOfbOGmz0NYDAx//fw5zzh8kgmtwnG9rYXFpeWW1tFZe39jc2rZ3dptapoqyBpVCqnZANBM8Zg3gIFg7UYxEgWCtYHid+60HpjSX8T2MEuZFpB/zkFMCRvLtozN863dlTwK+zCkiMFBRBhLGRnAdp3B9u+JUnUnheXALqKCi6r791e1JmkYsBiqI1h3XScDLiAJOBRuXu6lmCaFD0mcdgzGJmPayyUFjfGiUHg6lMi8GPFF/T2Qk0noUBaYzX1jPern4n9dJIbzwMh4nKbCYTj8KU4FB4jwd3OOKURAjA4QqbnbFdEAUoWAyLJsQ3NmT56F5UnWdqnt3WqldFXGU0D46QMfIReeohm5QHTUQRY/oGb2iN+vJerHerY9p64JVzOyhP2V9/gAtbZtr</latexit><latexit sha1_base64="XYBag/Z7xjqCayDhSleC47I9O8I=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5KIogsXRTduhAr2Am0Ik+mkHTrJhJkToYQ+ghtfxY0LRdy6dOfbOGmz0NYDAx//fw5zzh8kgmtwnG9rYXFpeWW1tFZe39jc2rZ3dptapoqyBpVCqnZANBM8Zg3gIFg7UYxEgWCtYHid+60HpjSX8T2MEuZFpB/zkFMCRvLtozN863dlTwK+zCkiMFBRBhLGRnAdp3B9u+JUnUnheXALqKCi6r791e1JmkYsBiqI1h3XScDLiAJOBRuXu6lmCaFD0mcdgzGJmPayyUFjfGiUHg6lMi8GPFF/T2Qk0noUBaYzX1jPern4n9dJIbzwMh4nKbCYTj8KU4FB4jwd3OOKURAjA4QqbnbFdEAUoWAyLJsQ3NmT56F5UnWdqnt3WqldFXGU0D46QMfIReeohm5QHTUQRY/oGb2iN+vJerHerY9p64JVzOyhP2V9/gAtbZtr</latexit><latexit sha1_base64="XYBag/Z7xjqCayDhSleC47I9O8I=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5KIogsXRTduhAr2Am0Ik+mkHTrJhJkToYQ+ghtfxY0LRdy6dOfbOGmz0NYDAx//fw5zzh8kgmtwnG9rYXFpeWW1tFZe39jc2rZ3dptapoqyBpVCqnZANBM8Zg3gIFg7UYxEgWCtYHid+60HpjSX8T2MEuZFpB/zkFMCRvLtozN863dlTwK+zCkiMFBRBhLGRnAdp3B9u+JUnUnheXALqKCi6r791e1JmkYsBiqI1h3XScDLiAJOBRuXu6lmCaFD0mcdgzGJmPayyUFjfGiUHg6lMi8GPFF/T2Qk0noUBaYzX1jPern4n9dJIbzwMh4nKbCYTj8KU4FB4jwd3OOKURAjA4QqbnbFdEAUoWAyLJsQ3NmT56F5UnWdqnt3WqldFXGU0D46QMfIReeohm5QHTUQRY/oGb2iN+vJerHerY9p64JVzOyhP2V9/gAtbZtr</latexit><latexit sha1_base64="XYBag/Z7xjqCayDhSleC47I9O8I=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5KIogsXRTduhAr2Am0Ik+mkHTrJhJkToYQ+ghtfxY0LRdy6dOfbOGmz0NYDAx//fw5zzh8kgmtwnG9rYXFpeWW1tFZe39jc2rZ3dptapoqyBpVCqnZANBM8Zg3gIFg7UYxEgWCtYHid+60HpjSX8T2MEuZFpB/zkFMCRvLtozN863dlTwK+zCkiMFBRBhLGRnAdp3B9u+JUnUnheXALqKCi6r791e1JmkYsBiqI1h3XScDLiAJOBRuXu6lmCaFD0mcdgzGJmPayyUFjfGiUHg6lMi8GPFF/T2Qk0noUBaYzX1jPern4n9dJIbzwMh4nKbCYTj8KU4FB4jwd3OOKURAjA4QqbnbFdEAUoWAyLJsQ3NmT56F5UnWdqnt3WqldFXGU0D46QMfIReeohm5QHTUQRY/oGb2iN+vJerHerY9p64JVzOyhP2V9/gAtbZtr</latexit>

Can give alert to 3G and EM 
telescopes weeks prior to merger!

coalescence time source localization



Mass & Spin Measurement

Kent YagiKent YagiParameter Estimation

ü spin measurement improve typically 
by ~20% from ground-based alone 

[Sesana (2016,2017)]

[Vitale (2016)]

chirp mass symmetric mass ratio

cf)  GW150914: ~0.07 ~0.24
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parameterized post-Einsteinian (ppE) Formalism

waveform phase:

 (insp) =  (insp)
GR + � (v/c)2n�5

[Yunes & Pretorius (2009)]

ppE parameter
relative velocity

nth post-Newton (PN) 
correction

PN approximation:
v/c ⌧ 1

Kent YagiTests of GR



Constraining GR Fundamental Pillars
[Yunes & Hughes (2010)]

[Yunes, KY & 
Pretorius (2016)]

pp
E

[LIGO-Virgo 
Collaboration (2016)]

� = � v2n�5

Kent YagiTests of GR

extra 
dimension

time 
varying G

scalar monopole 
activation 

vector field 
activation

scalar dipole 
activation

4D equivalence 
principle

Lorentz 
invariance

parity 
invariance

equivalence 
principle



Kent YagiTests of GR

[KY (in prep.)]Future PPE Bounds (GW150914-like)



Consistency Test of GR

Kent Yagi

[LVC GW150914 Testing GR]

will improve in 
future with 3G

will improve in 
future with LISA

Tests of GR



Conclusions



Takeaway

ü Improve tests of GR

ü GW150914-like events detectable 
for both ground-based and space-
borne detectors

Kent YagiKent Yagi

ü Interesting to consider science 
that can only be done by synergy 
of LISA & 3G

ü LISA can give alert to 3G & EM
telescopes

Conclusion

ü Improved mass & spin measurement

Thank You!


